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1 HOACHUTEJIBHASA 3AIINCKA

[Ipy BBINOJHEHUH MHOTUX (PU3NYECKUX YIPAKHEHUM UM CHOPTUBHBIX
JBUKEHUW YEJIOBEKY HEOOXOOUMO COXPaHATh HEMOJBH)KHOE IIOJOKEHUE Tela,
HalpuMep, Kak MCXOJHOE (CTapTOBOE) TMOJOKEHHE, KaK MPOMEKYTOUHOE
(BCEBO3MOYXHBIE BUCHI, YIIOPbI, CTOMKH B TUMHACTUKE); KaKk KOHeUHoe ((pukcamus
IITAaHTH Ha BBITIHYTHIX pykax). [Ipu 3ToM Teno uenoBeka Kak OnomMexaHudeckas
cucteMa (ee dJIEMEHThl — OTIEelbHbIE 3BEHbS Tela 4YeJIOBEKa) HaXOAUTCS B
PAaBHOBECUH, CTENEHb YCTOWYMBOCTH KOTOPOTO XApPAaKTEPU3YET MOJIOKEHUE
odmero uentpa Ttspkectn (OLT) Tena cnoprcmena. Jlpyrumu cioBamu, 110
nosoxkenuto OLIT Tema 4yenoBeka OLEHUBAIOT —PA3JIMYHBIE CTATUYECKUE
ITOJIOKEHMUS.

B mpouecce BbimonHeHHUs (U3NMUECKUX YINPaKHEHUH YEJIOBEK H3MEHSET
IUIOIIAAb OIIOPBI, B3aMMHOE IIOJIOKEHUE 3BEHBEB TEJA, TO €CTh 1103y — U TeM
caMbiM u3MeHsieT mecrononoxeHus OL[T Tema mo OTHOLIEHUIO K OMNOPHOMY
KOHTYpy. Bce 3TO mNpuUBOAUT K M3MEHEHUIO MEXaHWYECKUX IIOKa3arelen
YCTOMYMBOCTH paBHOBecHs. CTENEHb HAIPSIKEHHMS TE€X WJIM WHBIX MBIIIEYHBIX
Ipynn 3aBUCHT OT nosioxkeHus uentpa tsoxecty (LIT) coorBercTByromero 3seHa u
BBIIIIE JICKAIIUX 3BEHBECB.

JIist coxpaHeHust mo3bl HEOOXOAMMO aKTHUBHOE Y4acTHE HEPBHO-MBIIICUHON
cucreMbl. I103TOMYy OLIEHKAa CTaTHUYECKOTO ITOJIOKEHMS IO3BOJISAET YCTAaHOBHUTH
B3aMMOCBSI3b OMOMEXAHMUYECKHX XapaKTePUCTUK Tejla C LEJIbI0 BBISBICHUS
O370POBUTENBHOW M TMENArornyecKod LEHHOCTH (PU3MYECKUX yrpaxxkHeHuu. 3
BBIIIECKA3aHHOTO ClIeAyeT, YyTo 3HaHue nosiokeHuss OL[T Tena yenoBeka BakHO
JUIsl OMOMEXaHUYECKOI'0 aHallM3a U ISl pelIeHUs MHOTHUX CaMOCTOSATENIbHBIX 3a7a4
MEXaHHUKHU CIIOPTUBHBIX JIBUKEHUMN.

NuepTHOCTH — 9TO CBOMCTBO (U3MUECKUX TEJ, TNPOSBISIONINXCS B
ITOCTEIIEHHOM HM3MEHEHUU CKOPOCTH CO BpEMEHEM MNoJ AercTtBueM cuil. [lpum

BBIIIOJIHCHHUHN BpPAIIATCIbHOI0 JIBWKCHHA MGpOfI HHCPTHOCTU SABJIACTCSA MOMCHT



UHEpIUU. OTa XapakTEepUCTHKAa paBHA CyMME MPOU3BEACHUI Macc BCeX

MAaTCPUAJIBHBIX TOUYCK TCJIAa HA KBaJAPaT PaCCTOSAHUA UX OT OCHU BPaIllCHU.

J:Zmilriz.

Ha »3TOM OCHOBBIBA€TCSI OYEHb Ba)XXHOE [UIsI TEJIECHO-IBUTATEIbHBIX
YIPAKHEHUI CTIOPTUBHOTO XapaKTepa MOJI0KEHNUE: MOMEHT UHEPIUH Telia 0oJIbIie
B TOM Clly4yae, €CiM Kakas-TO €ro 4acTh HauOoliee yAalieHa OT OCH BpalleHUs,
HalpuMmep, OpsiMasi pyka OTBEIE€HAa B CTOpOHY. B 3ToM ciywae, eciau Teso
BpallaeTcss BOKPYI CBOEH MPOAOJIBHOM OCH, HAmpuMep, Typ Ha OJHOM HOrE,
MOMEHT CHJIbl BBI3BIBAET MEHBIIEE YIJIOBOE YCKOPEHHUE B CBS3UM C OOJBLIMM
WHEPIIMOHHBIM CONPOTUBIIEHUEM OTHAJICHHOM OT OCH Tejla PYKH, U BpalleHHUE
Oyner MeljieHHBIM. JIeMCTBUS TPYNNUPOBAHUS WIM PA3rpyNIUPOBAHUS TPU
BBINIOJIHEHUH, HAIpHUMEP, KYBBIPKOB WJIM CAlbTO B TPYNIUPOBKE, €CTh MPUMEP
nedopManu OMOMEXaHUYECKON CHUCTEMBI Tela CIIOPTCMEHA, IPU KOTOPOH YacTu
TeNna NPUOIMKAIOTCS WIM OTHAISAIOTCA OT Oocu BpaileHus. CorjacHO 3akoHY
COXpaHEHUs! KOJIMYECTBa JBMXKEHMS J -v = const, P OTJAJIEHUU 4YacTed Teaa OT
OCH BpalI€HUs MOMEHT MHEPLMU CHUCTEMBI YBEJIIMUMBAETCS, & CKOPOCTh BPAILLCHHUS

TCJ1a 3aMEIJIACTCA.



2 ONPEJAEJEHUE OBHIET'O HEHTPA TAXECTHU
Hean padoThi:
1. Onpenenuth NOJOKEHUE EHTPOB TSHKECTU 3B€HbEB Tena uenoBeka (L[T).
2. OmnpenenuTs MOJIOKEHHUE OOIIETO IIEHTpa TsoKecTH Tema yenoBeka (OLLT).

3. OmnpeneneHue yrioB yCTOMUUBOCTH.

Oo0OopynoBaHne U MaTepHUAJIbI:

*  ¢dororpadus cnoprcmeHna B popmare A4 (craTuyHas 1mo3a ¢ MUHUMAJIbHOM
IJIONIA/IBIO OIMOPBI, ChEMKa MPOBOAUTHCA BO (PPOHTAIBHOW WM CaruTTalbHOU
IJIOCKOCTAX, Ha ()OTO AOJKHBI ObITH BHUAHBI BCE 3BEHb Tejla 4YesloBeka (1o
tabmnuie 1));

*  YYCHMYECKas JINHEMKA JIMHON He MeHee 20 cM;

*  CX€Ma OTHOCUTEJIBHOTO Beca U MOJIOKEHHS IIEHTPa MacC OTACIIbHBIX 3BEHbEB
Tena (pucyHok 1);

*  MakeT pacyeTHOM Tabmuubl B (opmare 3JeKTpoHHBIX Tabmuir MS Excel,

[http://eos.chifk.ru/mod/resource/view.php?id=2213].

IIporpammHoe obecnieueHue
»  TekcroBblii peaakTop i co3manus otdyera (Hanpumep, MS Word)
e DruekTpoHHas Tabniuia s pacueroB (Hanpumep, MS Excel);

o Ilporpamma  Kinovea  (https://www.kinovea.org/download.html) s

KMHEMAaTUYEeCKOTO aHaJlu3a JIBUTATEJbHBIA JEUCTBUM 1O (GOTO U  BHUJACO

MaTepHaiam.

Kparkas Teopus:

IleHTp TsDKECTH 3BEHA - 3TO BOOOpakaemasi TOYKa, K KOTOPOW IPHIIOKECHA
PaBHOJICUCTBYIOIIAsA CHJI TSDKECTH BceX vactull 3BeHa. OmnbiTHeIM myTéM (O.
Oumiep, H. A. bepHiurelin) ObUiM oOnpeneneHbl CpelHUEe JTaHHbIE O BECE 3BEHHEB
TeIa W O TMOJIOKEHUH uX 1eHtpa macc [1, 2, 3]. O600menHo, CBeICHHS O Bece

3BCHLCB U IMOJOXKCHHUU HCHTPA MAaCC IIPEACTABIICHO HA PUCYHKC 1.


http://eos.chifk.ru/mod/resource/view.php?id=2213
https://www.kinovea.org/download.html
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PucyHOK 1 Cxema omnocumenvroco eeca u nonosicenus ueHmpa macc O0MOENbHBIX

36€HbE6 mena

Cornacuo M. @. MBanuiikoro [4], B ocHoBHOM cToitke OLIT pacnonaraercs
Ha YypoBHEe I[-V KpecTHOBBIX MO3BOHKOB M IMPOCHHUPYETCS HA NEPEIHIOO

MOBEPXHOCTH TeJja BhIIIE JIOOKOBOTO cuMdu3a (pUCyHOK 2).



Pucynox 2 Ionoowcenue OL]T 6 ochosHotl cmotixe

Bricora nonoxenuss OLT y pa3HbIX dr0Jeld 3HAUYUTENIBHO BAPBUPYETCS B
3aBUCHMOCTH OT IIEJIOTO psaa (aKTOpoB, K YHCITY KOTOPBIX B TEPBYIO OYEpEIh

OTHOCSITCSA TOJI, BO3PACT, TEJIOCIOXKEHUE U Mpodee (PUCYHOK 3).

a (4] 8
Pucynox 3 Ionoocenue OL[T: a — y myscuun 00uUHaKo8020 pocma, HO Pa3iudH0O20

menoClOMNCEeHUA, O — Y MYJHCHUUH pA3HO20 pocma, 6 — )Y MYHCHUH U HCEHUUH



IIpu wm3menenumsx no3sl OLT cmemjaercs U B HEKOTOPBIX ClydasX, B
YAaCTHOCTU IIPU HAKJIOHAX BIIEPEX U Ha3al, MOXKET HAXOJIUTHCS BHE TEJIA YEIOBEKA

(pucyHOK 4).
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Pucynox 4 [lonoscenue OLT npu uzmenenusx nosol

JIMHaMUYEeCKUM TOKA3aTelIeM YCTOMYMBOCTH TBEPAOrO TEJa CIYKUT YIoJl
YCTOMYMBOCTH. ITO yroj, O0Opa30BaHHBIM JIUHUEH JEHCTBUS CHUIIBI TSHKECTH U
MPSAMOM, COEIUHSIONICH LEHTP TSKECTH C COOTBETCTBYIOIIUM KpaeM IUIOLIAJAN
OTIOPHI (PUCYHOK 5).

DU3NYECKUN CMBICIT yIJia YCTOMYUBOCTHA COCTOUT B TOM, YTO OH PABEH YIIly,
Ha KOTOpPBIM HAI0 MOBEPHYTh TEIO JJIS HAadajla €ro OMNPOKUIBIBAHUA. YTOJ
YCTOMYMBOCTH TIOKa3blBa€T, B KAKWUX NpeAelax enEé BOCCTAHABIMBACTCA
paBHOBecue. OH XapakTepU3yeT CTENEHb IUHAMHUYECKOW YCTOWYMBOCTH: €CIU
yroa OojbIlle, TO W YCTOMYMBOCTH OOJIbIlIe. DTOT TOKa3aTelb yMOoOEH s
CpaBHEHMSI CTENEHM YCTOWYMBOCTH OJHOTO Te€ja B Pa3HBIX HaINpaBJICHUSX (eciu
TJIOIIA/Ib OTIOPBI HE KPYT U JIMHUS CUJIBI TSKECTU HE MPOXOUT YEPE3 €ro HEHTP).

CyMMma JIByX YIJOB YCTOWYHMBOCTH B OJHOM IUIOCKOCTH PacCMaTpUBAETCS
KaK yroJl paBHOBECHS B 3TOM IJIOCKOCTU. OH XapaKTEepU3yeT 3aMac yCTOMYMBOCTH
B JIAHHOM IJIOCKOCTH, T.€. OIPEAEISAET pa3Max MEPEMEIICHUN UEHTPA TAKECTU 10
BO3MOXXHOTO OINPOKHUABIBAHUS B Ty WIM JPYyTyIO CTOPOHY (Hampumep, Y

CJIAJIOMHUCTA NIPH CITyCKE Ha JIbDKax, TMMHACTKU Ha OpeBHe, Ooplia B CTOMKE).
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Pucynox 5 Venwvr yemotivusocmu

B cinywyae paBHOBecuss OMOMEXaHMYECKOW CHCTEMBI I TMPUMEHECHHS
JUHAMUYECKUX TI0Ka3aTelell YCTOWYMBOCTH HYXKHO YYECTh CYIICCTBEHHbBIC

YTOYHEHHUS.



Bo-nepBbix, miomans 3pQPeKTUBHON ONOPHI YeTOBEKa HE BCET/Aa COBMAAAET
C TIOBEPXHOCTHIO OTOPHI. Y YeIOBeKa, KaK U Y TBEPJIOTO Tela, IOBEPXHOCTH OMOPHI
OrpaHWYCHAa JTUHUSIMH, COCAMHSIONMMMU KpailHME TOYKH OMOphI (MM BHEUTHHE
Kpasi HECKOJIBKHX ILIOIIaAek onopsl) (pucyHok 6). Ho y duenoBeka yacTo rpaHuna
wiomanyd 3GGEeKTUBHONH OMOPHI PACIONOKEHA BHYTPH KOHTYpA OMOPHI, TaK Kak
MSATKHE TKaHU (CToma OOCHUKOM) MM clla0ble 3BeHbs (KOHIIEBBIE (hajlaHTH MAJIbIICB
B CTOMKE Ha pyKax Ha MOJy) HE MOTYT ypaBHOBECUTh Harpy3ky. [loaromy nunus
OTIPOKUIBIBAHUSI CMEIIACTCS OT Kpas OMOPHON MOBEPXHOCTH BHYTPH, IUIOMIAIb

7 PeKTUBHON OMOPHI MEHBIIIE IUIONIAAN OTIOPHON MOBEPXHOCTH.

Pucyrnox 6 Ilosepxnocmov onopul (0epanuuena nyHKmMupHou Junuell) u

aghpexmusras niowads (3aumpuxo8ana)

Bo-BTOpBIX, YETOBEK HUKOT/Ia HE OTKIIOHSETCS BCEM TEIOM OTHOCHUTEIHHO
JIMHUU OTIPOKHIbIBaHUS (KaK KyOHK), a IepeMEIIaeTcsl OTHOCUTEIBHO OCEH KaKHX-
100 CyCTaBOB, HE COXPaHSS MOJIHOCTBHIO MO3bI (HapUMep, MPU MOJIOKEHUU CTOS
— JIBIDKCHHSI B TOJICHOCTOITHBIX CyCTaBax).

B-Tpetpux, mpu mNpUOIMIKEHWH K TPAaHUYHOMY IIOJOKEHUIO HEPEaKO
CTAaHOBHUTCS TPYAHO COXPAHUTh IO3y M HACTYINAeT HE TPOCTO OMPOKHUIBIBAHHE
«OTBEPCBIIETO TeJia» BOKPYT JIMHUM ONMPOKHUIBIBAHMS, & W3MEHEHHE IO3bI C
najeHuEM. JTO CYIICCTBEHHO OTJIMYACTCS OT OTKIIOHCHHUS M OINPOKUIBIBAHHUS

TBEPJOTO TeJla BOKPYT IPAHU OMPOKUABIBAHMS (KAHTOBAHUE).



Takum o00pa3oMm, yIJBI yCTOWYMBOCTH B  OTPAHUYCHHO-YCTONYHBOM
pPaBHOBECHM XapaKTEPHU3yIOT AMHAMHYECKYIO YCTOMYMBOCTH KaK CIIOCOOHOCTH
BOCCTAaHOBUTH paBHOBecHue. llpu ompeneneHuM yCTONYMBOCTH Tela YeEIOBEKa
HEOOXOJMMO TaKXKE YYMTHIBATh TpaHUIBl IUIOMATd 3(PPEKTUBHON OMOPHI,
HaJE)KHOCTh COXPAHEHUS MO3bl O TPAHUYHOTO IOJOXKEHHUS Tella U PEATbHYIO

JIMHUIO OITPOKHUABIBAHHA.

Hopsinok onpenenenus OLT rpagpuuecknm merogom

1. OrtkpoiiTe Ta0JIUILy 1, JIucrl (o CCBLIKE

http://eos.chifk.ru/mod/resource/view.php?id=2213)

2. Crombuper 1, 2, 3, 6 B Tabmume Nel 3amoigHEHBI COTJIacHO pHCYHKa |
(CaMocTosITeNIbHO pa30epuTeCh C 3aMOJTHEHHBIMH JTaHHBIMU, TIPU 3aIUTE PaOOTHI
noTpedyeTcst HAalTH Ha CXeMe COOTBETCTBYIOIIEE 3HAUCHUE. )

3. B mome macca (BBIIEICHO KEATBIM IIBETOM) BBEAUTE MAcCCy HCCIECTyEMOTO
CIIOPTCMEHA, MPU TOM aBTOMATUYECKH 3alOJIHUTHCS crosibernr 4 — abcomroTHas
Macca 3BeHa.

4. Hcnonb3ys IUHEWKY W pUCYHOK | m3MmepbTe Ha Qororpaduu abCOTOTHBIC
JUTMHBI 3BEHBEB TeJla M 3aHeCUTe B cTosioer 5. M3aMepenus mpoBOAsSTCS BAOIb OCU
CUMMETPHUH MEXY AUCTATBHBIM U TPOKCUMAIbHBIM KOHIIAMH 3BCHA.

5. AoGcomortHoe paccrosaue g0 LT 3Bena (crombenr 7) 3amoiHsAeTCS
aBTOMAaTHYEeCKU. YHCII0 B cTOJNOE OmNMpenessieT PacCTOSHUE OT IHUCTaIbHOTO WM
MIPOKCUMAaJIBLHOTO KOHIIA 3BEHA JI0 IIEHTpa TSHKECTH 3BeHA. M3MepeHus mpoBOIST
OT IUCTAILHOTO KOHIIA, €CJIM OTHOCUTEIBHOE PACCTOSHUE, YKa3aHHOE B CTOJIOIE 6
COOTBETCTBYET NPOIECHTY IHUCTAILHOTO KOHIIA 3BEHA PUCYHKA |, B IMIPOTHBHOM
cllydae W3MEpPEHHs MPOBOIAT C MPOKCUMAJIBHOTO KOHIA. Mcmonb3ys JMHEHKY
OTMEpsIeM YKa3aHHOE B CTOJIOIlE 7 pACCTOSTHUE M OTMEUYaeM IIEHTP TSHKECTH

Ka)kI0T0 3BEHA.
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http://eos.chifk.ru/mod/resource/view.php?id=2213

6. nsa nanpHeiimei paboTel, Ha GpoTorpadguu CTPOUM MPSMOYTOJIBHYIO CUCTEMY
koopauHat XOVY. PekoMeHnayercst ocb X HallpaBUTh TOPU30HTAILHO BIIPABO YEPE3
TOYKY OIIOPBI, OCh Y HANpPaBUTh BEPTUKAIBHO BBEPX Y€peE3 JIHOOYIO TOUKY Tela.

7. B mocTtpoeHHOU cucTeMe KOOPJIMHAT U3MEPSIEM JIMHEMKOW KOOPAUHATHI X U Y
LIEHTpa TKECTH KAKIOTO 3BEHA M 3aHOCUM KOOPIMHATBI B COOTBETCTBYIOIIHUE
CcTOJIONBI 8 U 9.

8. Cronbusr 10 u 11 3amonusaTecs aBromaTtnueckd. [lox crombmamu 10 u 11
onpenensaTcss koopauHatel oOuiero neHrpa Tsxect (OLT). (CamocrositenbHo
onpenenuTe IeUCTBUS, IPUBOJIAIINE K HaXoxAeHuto koopauHat OL[T)

9. ®uxkcupyem Ha pororpadum OIIT B BUAC TOUKH.

10. HMzobpaxenue pororpaduu otkpsiaeM B [10 Kinovea.

11. Ha nanenu MHCTPYMEHTOB BBIOMpPAaeM MOJENb (PUCYHOK 7) U IIETYKOM JIEBOU

KHOIIKOM MBIIIM CTaBUM MOICIIb Ha (bOTOFpa(i)I/II-O.

Pucynox 1 Bvibop uncmpymenma «mooeinsy

12. I/ICHOJ'IB?:YH BO3MOXHOCTb TIICPECTACKHMBAHHUA KOHIOB CCETMCHTOB MOACIIN

NepeTacKMBaeM HX IO 3BEHbSIM Ha (oTorpaduu (pUCYHOK 9).

TPECE RS

Pucynok 8 Bwibop uncmpymenma «y2ony

13. OmpegensieM yriibl YCTOMYMBOCTH C HMCIHOJIb30BAHUEM HHCTPYMEHTA YIoJl

(pucynoxk 8). IIpumep koHeuHoro Buaa GhoTorpaduu mpecTaBiIeH Ha pUCYHKE 9.

11



Pucynox 9 — Ilpumep xoneunozo euoa pomozepaghuu

14. ]Jlenmaem BBIBOJ O MNPUYMHAX CMEIICHUU IIEHTPA TSHKECTH OTHOCUTEIHHO
MOJIOKEHUSI B OCHOBHOM CTOMKE

15. Cpasuuaem nonoxxenue OLT naiinennoe B n.9 ¢ nonoxxerarem OLT B m.12.
16. IIpumepnoe odopmiienne padboTsl, GOPMYIHUPOBKA BHIBOJA MPEICTABICHBI B
JIOKYMEHTE Maker 1

(http://eos.chifk.ru/pluginfile.php/135/mod_label/intro/Maket_1.docx)
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http://eos.chifk.ru/pluginfile.php/135/mod_label/intro/Макет_1.docx

Tabmuma 1 PacueTHas TabGiuna a1st onpeieseHus o0IIero MeHTpa TSHKECTH YeIOBeKa

Aoc.

Ne 3BeHbA TEJIa OT1H. Macca Macea Aoc. nomuaa | Otn.pacer. o LT | A6c.pacer. no LT Y X*m Y*m
2 3 4 5 6 7 9 10 11
1 I'onosa 7,00% 0 50% 0 0 0
2 Tynosumie 42.80% 0 55% 0 0 0
3 [Tnevo mpaBoe 2,70% 0 45% 0 0 0
4 ITneyo neBoe 2,70% 0 45% 0 0 0
5 | Tlpeamr. npaBoe 1,60% 0 57% 0 0 0
6 [Tpenrun. neBoe 1,60% 0 57% 0 0 0
7 Kuctp npaBas 0,60% 0 37% 0 0 0
8 Kucrts neBas 0,60% 0 37% 0 0 0
9 benpo npasoe 14,20% 0 55% 0 0 0
10 benpo nesoe 14,20% 0 55% 0 0 0
11 | Tonens nmpaBas 4,00% 0 40% 0 0 0
12 I'onens neBas 4,00% 0 40% 0 0 0
13 Crona npaBas 2,00% 0 44% 0 0 0
14 Crorma neBast 2,00% 0 44% 0 0 0

Cymma 0
Macca our
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3 ONPEAEJEHUE MOMEHTA UHEPIIUU

eab padoThI:

OnpenenuTs MOMEHT MHEPLIUH TEJIA YEJIOBEKA OTHOCUTENIBHO BEIOPAHHOM OCH.

OobopynoBanmue:

®dotorpadus cnoprcMeHa B ¢opmare A4 (ctaTudHas 1Mo3a ¢ MUHUMAJILHOU
IUIOMIABI0 OMOPBI, ChEMKAa MPOBOJUTHCS BO (PPOHTAIBLHOM WM CAaruTTaJIbHOU
IJIOCKOCTAX, Ha ()OTO JOJKHBI ObITH BUAHBI BCE 3BEHbA Tella 4YesloBeka (1o
tabmure 1));

. Vuenunueckas TUHEHKA JIMHON HE MeHee 20 cM;

(Cxema OTHOCUTEIBHOTO BECa U MOJIOKEHUSI IIEHTPA MacC OTAEIbHBIX 3BEHHEB
Tena (pucyHok 1);

*  Maker pacuetHoil Tabmuiel B dopmare 3iaeKkTpoHHBIX Tabmuin MS Excel,

[http://eos.chifk.ru/mod/resource/view.php?id=2213];

»  TlporpammMHoe obecrieueHue s co3aanus oTueTa (Hanpumep, MS Word) u
U1t pacueToB (Hanpumep, MS Excel);

»  Tabnuua koapduruenrta-kK (tabnuma 3).

Kparkas reopus:
MoOMEHT uHEepLIuM — OTO Mepa HHEPTHOCTU Tejla IIPU BpaIATEIbHOM
IBUAKEHUU. OTHOCUTEIIBHO OCH pPaBEH, CYMME NPOM3BEICHUI MacC BCEX

MaTepUAJIbHBIX TOUEK TEJa Ha KBAAPATHI UX PACCTOSTHUNA OT JAHHOM OCH:
2

n
J = m.-r
Z L1 eMHMIIA M3MEPEHHMS: KT M2,
i=1

B cBsa3u ¢ HCOJHOPOJHOCTBbHO 3BCHLCB TCJIa YCJIOBCKA, BOCIIOJIb3YCMCA

IMIUpPHUUECKOi PopMmyIioin
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http://eos.chifk.ru/mod/resource/view.php?id=2213

n
J=> m Kk )
— , T7ie K — ko3 puimeHT onpeaensieMsri mo Tadaure 3.
i

CpCI[HCe 3HAYCHUA MOMCHTA HWHCPHOHUKU YCIIOBCKA B OCHOBHOHM CTOMKE

OpUMEPHO  paBHsETCA J, =1.2«xr-m° . Ha pucynke 10 mnpeacTaBieHsbl

KOB(b(I)I/IHHeHTI)I, OIIpCACIAIOINNUC BO CKOJIBKO pa3 BO3PACTACT MOMCHT HHCPIHH

TE€Ja BOKPYI pa3HbIX OCEW NPU PA3JIMYHOM IIOJOKEHUU 3BEHBEB TENa

OTHOCUTCIIBHO OCH.

4

PucyHnok 10 — MoMeHTbI HHEPIIMU Tea BOKPYT Pa3HbIX O0CEi (B OTHOCUTEIIbHBIX

eAMHUITAX)

IHopsinok onpenesieHuss MOMEHTa MHEPUHH rpaduIecKUM METOI0M

(mo Taduue 2)

1. Pabory cieayer BBINOJHATH MOCIE ONpPEAETICHUs OOIIEro IEHTpa TSIKECTU
UCIIOJNIBb3Ysl TOT ke (paitnn B opmare snexTpoHHbix Tadnui MS Excel, Ho paGoTas
Ha Jlucre2 (Tabnuna 2).
2. Cronbusr 1, 2, 3, 4, 5 u 3HaueHHE MAaCCHl 3aIIOJIHATCS aBTOMATHYECKH Ha
OCHOBe naHHBIX ¢ JIucrl.
3. Ilepen mauamom pa®oOTBl HEOOXOAMMO OIpEneTUTh MacmTad ¢ororpaduu.

Jlnst aTOro M3MepsieM peanbHbI pa3Mep 3BeHa CIOpTCMeHa (Hampumep, JIUHY
15



TOJICHW) W JJIMHY 3TOro ke 3BeHa Ha ¢otorpaduu. [lomydeHHbIE 3HAYEHUS
3alMChIBAEM B COOTBETCTBYIOIIHME SYCHKHA (OTMEUEHBI KEITHIM IIBETOM).
[IpaBunBHOCTH OMpeneneHus MaciTada MOKHO OLIEHUTh, HAWsl CYMMY 3HAYEHUMN
JUISL TOJIOBBI, TYJIOBUIIA, JIEBOTO Oe/pa u JIEBOU rojeHu u3 croniodia 6. Ita cymma
JIOJDKHA OBITh MEHBIIIE pOCTa CIOPTCMEHa Ha BeluuuHy 6+3 cMm. B mporuBHOM
ciydae, He0OXOAMMO MPOBECTU KOPPEKIIMIO MaciTaba, U3MEHssl 3HAUCHUS JJTUHbI
peanbHOTO pa3Mepa 3Be€Ha CIIOPTCMEHA MWW JUTMHY ATOTO K€ 3BeHa Ha (oTorpaduun
B IIpeJieliax MOTPeIIHOCTH u3MepeHus +1 cM.

4. Jlns 3amnonHeHus cToyidua 7 Bocmoib3yemcs naHHbiMu ¢ Jluctl. Eciu B
KaueCcTBE OCH BpalleHHs ObUta BBIOpaHa OCh X, TOrJa aOCOIOTHBIC 3HAYEHUS
KoopauHat Y Oyayt siBhsATbes paccrosHueMm oT OLIT 3BeHa 10 ocu BpaiieHus U
ctoiiOer; 7 3amoiiHgeM 3HaueHusMu ctoiona 9 us3 Jlucrl. Ecan B kauecTBe ocu
BpallleHusi Obljla BBIOpaHa OCh Y, TOTJa aOCOIOTHBIC 3HAYCHHUs KoopauHar X
Oynyt sBiatbest paccrosiuueM oT OLIT 3Bena mo ocu BpareHust u crojuoer 7
3anojHseM 3HadeHusiMU ctosiona 8 u3 Jlucrl. Ecnu B xauecTBe ocu BpaunieHUs
BBIOpaHa MPOM3BOJIBHAS OCh, TOTAa U3MepsieM paccrosiuus oT OLT kaxmoro 3BeHa
JI0 OCH BpAICHHS ¥ 3aHOCUM TIOJyUYCHHBIE 3HaUEHUS B CTOJIOCIT 7.

5. Cronber 8 3aM10JIHUTHCS ABTOMATHYECKH.

6. Crombenr 9 comepxutr kodpdunuentsl k MoMeHTa BpalleHHs. 3HAUYCHHUE
O0epém u3 Tabmuubl Ne3, rae 1Mo BepTUKAIM BbIOMpaeM Oivpkaiiiiee 3HAUYCHHE,
COOTBETCTBYIOIIIEE PACCTOSIHUIO OCh BpAIEHHUs- IIEHTP 3BEHA (YHUCIIO W3 CTOJIOIA
8), a mo Topu3oHTAIM OJMKailiee 3HaYCHHWE, COOTBETCTBYIOIIECE JJIMHE 3BEHA
(uucno u3 cronodua 6)

7.  Cronbernt 10 3amomHUTHCS aBTOMATHYECKH, cymMma 1o cronbmy 10 Oynet
OTIPECIATH OO MOMEHT MHEPIIUHU TEJIa OTHOCHTEIIEHO BEIOPAHHOM OCH.

8. B BbIBOjIe yKa3aTh MOJYUYCHHBIN PE3yNIbTAT U CPABHUTH €TI0 C TEOPETUUECKH

BO3MO>KHBIM MOMEHTOM MHEPILIMU Ha OCHOBE pucyHka 10.
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Tabnuma 2 — PacueTHas Tabimira onpeneeHuss MOMEHTA MHEPIINH Tella

Ne | 3Benbs Tena I\zTcI:a I\?aiza Ilﬁlﬁlf{.a JIJIMHA 3BeH.,M A6c(;[c):1[’ccc;. o Paccr.10 ocu ,M K |
1 2 3 4 5 6 7 8 9 10
1 I'onosa 0,07 0 0 0,00 0,00 0
2 Tynosumie 0,43 0 0 0,00 0,00 0
3 [Tnevo mpaBoe 0,03 0 0 0,00 0,00 0
4 [Tnedo neBoe 0,03 0 0 0,00 0,00 0
5 |IIpeamnn. npasoe 0,02 0 0 0,00 0,00 0
6 [Tpeam. neBoe 0,02 0 0 0,00 0,00 0
7 | Kucts npasas 0,01 0 0 0,00 0,00 0
8 Kucte neBas 0,01 0 0 0,00 0,00 0
9 | bexpo npasoe 0,12 0 0 0,00 0,00 0
10 benpo neBoe 0,12 0 0 0,00 0,00 0
11 | T'onens npasas 0,05 0 0 0,00 0,00 0
12 | Tonens nepas 0,05 0 0 0,00 0,00 0
13 | Croma mpaBas 0,02 0 0 0,00 0,00 0
14 Croma neBas 0,02 0 0 0,00 0,00 0

| 06L= 0
Macmra6 1: 9 PeanbHas AIMHA 3BEHA 23
Macca 0 JlimHa 3BeHa Ha GoTo 2,5
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Tabmuua 3 — 3nauenne ko3 dunmenta K, 11 HaX0KICHUS MOMEHTA HHEPIIUU 3BEHA Tela

Jinwna 3Bcus B MeTpax (e)

Merpmt —

l 0,30 0,35 0,40 045 0,50 . 055 0,60 0.65 070 | 075 é 08 09 1,00 L0 120
{

0,0 0,00 | 0008 | 0010 | 0013 | 0017 | 0,020 | 0025 | 003 | 0,035 | 0,041 0,047 | 0053 | 0068 | 008 | 0,101 | 0,120

0,1 0,01 0018 | 0020 ; 0,023 | 0,037 | 0031 | 0035 | 004 | 0,045 | 0,051 0,057 | 0,063 r 0,078 | 0,083 | 0,101 { 0,130
0,15 0,02 0,031 0,033 | 0,036 | 0,040 | 0,04 | 0,048 | 0,053 | 0,058 | 0,064 0,070 | 0,076 | 0,091 | 0,106 | 0,124 | 0,143
0,20 0,04 0,048 0,050 | 0,053 . 0,057 | 0,061 | 0,065 | 007 | 0,075 | 0,081 0,087 | 0093 | 0,108 | 0,123 ] 0,141 | 0,160
0,25 0,06 0,068 0,070 |" 0,073 | 0,077 | 0,081 | 0,085 | 009 | 0095 | 0/101 | 0,007 | 0,113 | 0,128 | 0,143 | 0,161 | 0,180
0,30 0,09 ! 0,098 0,100 | 0,003 | 0,107 | Q111 | 0,115 | 0,120 | 0,125 | 0,131 0,137 | 0,143 | 0,158 | 0,173 | 0,191 | 0210

£ 035 0,12 0,128 | 0430 { 0,133 | 0,137 | 0,141 | 0,145 | 0,150 | 0,155 | 0,161 0,167 | 0,173 | 0,188 | 0,203 | 0,221 | 0,340
§ 040 06 | 0,168 { 0170 | 0,173 | 0,177 | 0,181 | 0.I85 0,190 0,195 { 0201 0207 | 0213 | 0228 | 0243 { 026! | 0,280
045 020 | 0208 | 0210 | 0213 | 0217 | 0,221 | 0225 | 0,230 | 0235 | 0241 0,247 | 0253 | 0268 | 0,283 | 0,301 | 0,320

2‘ 0,50 0,25 0,258 0260 | 0263 @ 0267 | 0271 | 0275 | 0,280 { 0285 | 0,291 0297 { 0303 | 0318 | 0,333 | 0351 | 0,370
g 055 030 .| 0,308 0,310 | 0313 l 0317 | 0,321 | 0,325 | 0,330 ; 0335 | 0341 0347 | 0353 | 0,368 | 0,383 | 0401 | 0,420
y 0,60 036 | 0368 | 0370 | 0373 { 0377 | 0,381 | 0,385 { 0,390 | 0395 | Q401 0407 | 0413 | 0428 | 0443 | 0461 | 0450
= 065 042 0428 | 0430 | 0433 | 0437 | 0441 | 0445 | 0450 | 0455 | 046l 0467 | 0473 | 0488 | 0,503 | 0,521 &540
= 070 0,49 0498 | 0500 | 0,503 | 0507 | 0511 ! 0515 | 0,520 | 0,525 | 0,531 0537 | 0543 | 0558 | 0,563 | 0,551 | 0,610
= 0,75 056 ! 0568 | 0570 | 0573 [ 0,577 | 0,581 | 0585 | 0,590 | 0,595 | 0,601 0,607 | 0,613 | 0,628 | 0,643 | 0,661 | 0,680
2 0,80 064 0648 ) 0650 | 0,653 | 0,657 | 0,661 | 0,665 | 0,670 | 0,675 | 0,681 | 0,687 | 0,69 | 0,708 | 0,723 } 9,741 ; 0,760
= 085 0,72 0728 | 0730 | 0733 | 0,737 | 0,741 | 0,745 | 0,750 | 0,755 | 0,761 ! 0,767 | 0,773 | 0,788 | 0,803 | 0,821 | 0,840
§ 0,90 0,81 03818 | 0820 | 0823 | 0827 | 0831 | 0835 | 0340 | 0345 & 0351 ; 0857 | 0863 | 0,878 | 0,893 | 0511 | 0930
o 0% 050 | 0,908 0910 | 0913 ! 0917 | 0921 | 0925 | 0930 | 0935 | 094! . 0947 | 0953 | 0,968 | 0,983 .| 1,001 | 1,020
= 1,00 1,00 1,008 1,010 | 1,013 | 1,007 ; 1,021 | 1,025 | 1,030 | 1,035 | 1,041 1,047 | 1,053 | 1,068 | 1,083 | 1,101 | 1,120
= 1,10 1,21 1218 1,220 | 1,223 1.227 1,231 1,235 1,240 | 1,245 | 1,251 1257 | 1263 | 1,278 | 1,293 | 1311 l,330
g 120 1,44 1,448 1,450 | 1,453 | 1457 | 1461 1465 | 1470 | 1475 | 1481 1,487 | 1493 | 1,508 | 1,523 | 1,541 | 1,560
2 1,30 1,69 1,698 1,700 | 1,703 | 1,707 | 1,711 | 1,715 | 1,720 | 1,725 | 1,731 1,737 | L1743 | 1,758 | 1,773 | 1,791 | 1,810
= 140 1,96 1,968 1,970 | 1,973 | 1977 1,98 1 1.985 1,990 | 1,995 | 2,001 2,007 | 2,013 | 2,028 | 2,043 | 2,061 | 2,080
1,50 2,25 2,258 2260 | 2,263 | 2267 | 2270 | 2275 | 2,280 | 2285 | 2291 2297 | 2,303 | 2,318 | 2333 | 2,351 | 2370
1,60 256 | 2,568 2570 | 2,573 | 2,577 | 2,581 | 2,285 | 2,590 | 2,595 | 2,601 2,607 | 2,613 | 2,628 | 2,643 | 2,661 | 2,680
1,70 289 | 2898 2900 | 2903 | 2907 { 2911 | 2915 | 2920 | 2925 | 293l 2937 | 2,943 | 2958 | 2973 : 2 991 3,010
1,80 324 3,248 3250 | 3,253 | 3257 | 3261 | 3,265 | 3270 | 3275 | 3,281 3,287 | 3293 | 3,308 | 37323 . 3,341 3,360
1.90 3,61 3,618 3,620 | 3,623 | 3,627 | 3,631 | 3,635 | 3,640 { 3,645 | 3,651 3,657 | 3,663 | 3,678 | 3,693 | 3,711 { 3,720
2,00 4,00 | 4,008 | 4,010 | 4,013 | 4017 | 4,021 | 4,025 | 4,030 | 4,035 | 4,041 4047 | 4053 | 4,068 | 4,083 | 4,101 | 4,120
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